We decompose the tribaryon configuration in terms of SU(3) flavor and spin state and analyse their color-spin-flavor wave function following Pauli principle. By comparing the color-color and color-spin interactions of compact tribaryon configuration against the lowest three nucleon threshold within a constituent quark model, we show that the three nucleon forces have to be repulsive at short distance for all possible quantum numbers and all values of the SU(3) symmetry breaking parameter. Our work identifies the origin of the repulsive nuclear three body forces including the hyperons at short distance that are called for from phenomenological considerations starting from nuclear matter to the maximum mass of a neutron star.
We decompose the tribaryon configuration in terms of SU(3) flavor and spin state and analyse their color-spin-flavor wave function following Pauli principle. By comparing the color-color and color-spin interactions of compact tribaryon configuration against the lowest three nucleon threshold within a constituent quark model, we show that the three nucleon forces have to be repulsive at short distance for all possible quantum numbers and all values of the SU(3) symmetry breaking parameter. Our work identifies the origin of the repulsive nuclear three body forces including the hyperons at short distance that are called for from phenomenological considerations starting from nuclear matter to the maximum mass of a neutron star. The importance of three nucleon force was discussed from the early days of nuclear physics [1, 2] to address nuclear configurations beyond the deuteron [3] [4] [5] . Phenomenologically, the long distance part of the three nuclear force is obtained using the pion mediated interactions [6, 7] which gives the additional attraction necessary to fit the experimental 3 H binding energy. However, as one tries to go beyond the few body system and understand the saturation properties of nuclear matter [6, 8] and the compressibility consistent with experiments [9] , it becomes clear that the three body nuclear force including those involving hyperons [10] are repulsive at short distance.
Recently, there is a renewed interest in the three body nuclear force as there are compelling evidences that the force should be repulsive at short distance from analyzing the extrapolated dense nuclear matter equation of state (EOS) in the neutron stars [11, 12] . The naive extrapolation of two body interaction fitted to hypernuclear data leads to Λ hyperon condensation at 2 ∼ 3 times nuclear matter density in neutron stars, which leads to maximum neutron star mass of less than 1.5 M ⊙ [13] . On the other hand the recently observed neutron stars J1614-2230 [14] and J0348-0432 [15] have observed masses of (1.97 ± 0.04)M ⊙ and (2.01 ± 0.04)M ⊙ respectively. A natural way to solve the "Hyperon Puzzle" is to introduce a repulsive short distance three body force including the hyperon which becomes more important at high density and naturally leads to a stiffer equation of state and forces the hyperons to appear at a much higher density [16] .
In this work, we will show why the short distance part of the three nucleon interaction, including the hyperons, should be repulsive. Our calculation is based on Pauli principle and the color-color and color-spin interaction for a decomposed color-flavor-spin wave function with broken flavor SU (3) . Specifically, we compare the stability of the compact tribaryon configuration against three nucleon configuration of the lowest threshold within a constituent quark picture for all possible quantum numbers. We find that for every quantum number, the tribaryon configuration is highly repulsive compared to the lowest three nucleon threshold even in the SU(3) flavor symmetry broken case. In particular, we find repulsion even in the least repulsive configuration with one strange quark, suggesting that indeed the naive linear density extrapolated attraction leading to hyperon condensation will break down due to the three body repulsion between a hyperon and two nucleons.
Although the QCD origin for the short range repulsion for two nucleon systems were discussed in the quarkcluster model [17, 18] and recently from direct lattice calculations [19, 20] , the case for the three nucleon case has never been discussed before. Our calculation is based on the basic properties of the color-spin-flavor wave function and hence should be a general statement that goes beyond the constituent quark model that can also be used to estimate the phenomenological parameters for repulsion.
Interaction: In general, the s-wave quark interaction can be of color-color or color-spin interaction type. The specific form in the constituent quark model will involve spatial functions that include the confining and coulomb potential [21, 22] . Here, we will not work out a specific constituent quark model, but limit the discussions to compact configurations where all the quarks occupy the size of a baryon and discuss their relative interaction strength. In such an approximation, the spatial part of the interaction becomes universal for all quarks so that the interactions can be approximated as
Here, C's are constants and m i is the constituent quark mass of the i quark. The simplified model well reproduces the hyperfine splitting between ground state bayrons [23] so that the stability between various quantum numbers can be analysed from the color-color and color-spin matrix elements.
Let us first consider the color-color interaction of a tribaryon configuration for a given quantum number. Since both the multiquark configuration and the baryons are color singlet states, by calculating (
2 , one obtains the following formula.
where λ 2 q = 16 3 for all quarks. Hence, the color-color interaction of a compact multiquark configuration will just be the sum of individual baryons and will thus give negligible contribution to the interaction potential between baryons at short distance.
Next, we investigate the color-spin interaction of the tribaryon given in Eq. (2). In the SU(3) flavor symmetric case, there is a well-known formula to calculate the colorspin interaction for a totally antisymmetric multiquark configuration [24] .
where N is the total number of quarks and C F = 1 4 λ F λ F , which is the first kind of Casimir operator of flavor SU(3).
In Table 1 , we represent the K values of the tribaryon for all allowed SU(3) flavor-spin states together with the lowest threshold three baryon mode in the last row. It should be noted that the K values for the nucleon and Delta are −8 and 8, respectively. Therefore, using ∆K = 16 and m ∆ − m p ∼ 290 MeV, we extract the constant factor in Eq. (2) as C CS /m 2 u = 18.125 MeV. As can be seen in the table, the difference of the color-spin interaction between the tribaryon and three octet baryon states are repulsive in all possible flavor and spin channel. When the total spin is 9/2, the lowest threshold comes from three ∆'s and the difference in K vanishes. This is similar to the two baryon case where the only non repulsive two baryon configuration is also in the maximum spin 3 lowest isospin 0 channel [25] , which shows a possible dibaryon configuration [26] . However, the ∆'s will decay and not contribute to the repulsion between the ground state baryons.
For a realistic estimate, it is crucial to consider the SU(3) symmetry breaking effect [27] . The naive attraction or repulsion obtained by using the SU(3) symmetric formula in Eq. (4), can in some cases be quite misleading. For example, the color-spin attraction in the H dibaryon against the two Λ channel almost disappears when the SU(3) breaking effects are taken into account [28] , which also naturally explains the lattice results which show bound H dibaryons in the flavor SU(3) symmetric limit with massive pion [29, 30] .
Therefore, we investigate the effect of SU(3) breaking by calculating the color-spin matrix element together with their corresponding masses as given in Eq. (2). We then define the binding potential of the tribaryon against the lowest three baryon threshold as follows:
and analyse it as a function of the strange quark mass using a variable δ = 1 − There are eight possible flavor states for tribaryon as follows. 
1(S =

)
The brackets below each flavor state show the possible spin states. Strangeness = −1: As discussed before, the case with one strange quark is of great interest with respect to hyperon properties in neutron star matter. When there is one strange quark in a tribaryon, the isospin of the most attractive flavor state is zero, which corresponds to [ 
Therefore, the spin state of eight light quarks should be [53] S , which is S = 1. Since the spin state of eight quarks is determined, we can calculate the color-spin interaction value in SU(3) F broken case easily using the Eq. (4). When there is only one strange quark with I = 0, S = 3/2 and S = 1/2 which correspond to flavor10 and35 states, the expectation values of the color-spin interaction are as follows.
• S = 
As we can see in the Table 1 , the color-spin interaction of the lowest decay mode is −24 for both S=3/2 and S=1/2 states. Therefore, we can conclude that the tribaryon with one strange quark is highly repulsive regardless of the strange quark mass value parametrized by 0 < δ < 1. Strangeness = −3: To investigate configurations with possible attraction, we will look at states with three strange quarks and isospin zero, which also include the most attractive tribaryon configuration as can be seen from Table I . For these quantum numbers, there are four possible flavor states 1, 8, 27 and 64. Here, we calculate the wave function of the tribaryon in the flavor SU(3) breaking case and fix the position of each quark as q(1)q(2)q(3)q(4)q(5)q(6)s(7)s(8)s (9) . The flavor-color-spin wave function should satisfy the antisymmetric property {123456}{789}. Then, we calculate the expectation value of the color-spin interaction for tribaryon.
• S = configuration are highly repulsive against three lowest baryon channel except for the spin 9/2 channel, which does not contribute to the three octet baryon channel as they appear only up to spin 3/2. In summary, we have identified compact tribaryon configurations in terms of SU(3) flavor and spin quantum numbers that are allowed within the Pauli principle. While compact configurations are possible for certain quantum numbers, we found that the color-spin interaction for all the allowed configurations are highly repulsive with respect to three baryon channel. This is the first microscopic and clear proof that the three body nuclear force should be repulsive in all channels, which are consistent with constraints from nuclear many body observables and the recently established neutron star mass limit. Furthermore, while the phenomenological estimate for the short repulsion has unknown SU(3) parameters that are hard to fix experimentally, our method can also be used to estimate the strength of the repulsion for all possible channels.
